Blood pressure is a continuous physiological variable, with considerable changes from beat to beat and minute to minute in response to numerous influences both external and internal to the individual. Single recordings using the indirect technique ( Present addresses: *Cardiology Department, Green Bank Hospital, Green Bank Road, Plymouth, tStobhill Hospital, Glasgow.
Accepted for publication 29 January 1985 information on the blood pressure response during exercise has been collected in this way.79 Some workers7 9 10 have attempted to improve their accuracy by recording the blood pressure immediately after the cessation of exercise, but intra-arterial recording has shown that the blood pressure falls very rapidly at this time and may return to the baseline levels within 30 seconds (Fig. 1) .11 12 We report here the results of a formal comparison of direct and indirect recordings obtained at different grades of exercise and in the immediate postexercise period.
Patients and methods
Twenty five patients were recruited from the Harrow Hypertension Clinic; 11 were taking no medication and 14 were receiving antihypertensive treatment (10 patients were taking beta adrenoceptor blockers, of whom three were also taking prazosin, while the remaining four patients were taking prazosin alone). The Gould, Homnung, Altman, Cashman, Raftery point of fatigue. The tests were carried out under standardised conditions with a constant laboratory temperature and at approximately the same time in the morning. Indirect blood pressures were recorded by one of two physicians in the last 30 seconds of each grade of exercise and immediately after exercise was stopped using a Hawksley random zero sphygmomanometer.'6 For diastolic measurements Korotkoff phase V was used. The exact time the pressure was recorded was marked on the intra-arterial tape using an electrical event marker.
The indirect pressure was recorded from the dominant arm of each patient, which was extended over the handle bars, and supported by the observing physician and was at the same level as the intraarterial blood pressure transducer. The intra-arterial system was calibrated within 5 minutes of the exercise test.
DATA ANALYSIS
The tapes were replayed on a linear direct writing recorder (Watanabe) to check the signal quality and identify the event marks. A purpose built hybrid computerl7 was used to digitise a half minute mean blood pressure corresponding to each electrical event mark. It was not possible to identify the exact direct beats corresponding to the indirect systolic and diastolic pressures, so we used the mean blood pressure over the 30 seconds during which the indirect pressure was recorded. This has been shown to agree closely with single systolic and diastolic beats.'8 Figure 1 shows the rapid reduction of the blood pressure. In addition to this rapid fall in blood pressure there were fluctuations in pressure due to respiration, vasomotor activity, and other reflex activity. The only way this problem could be overcome would be to have an event made at the instants the cuff systolic and diastolic sounds were detected, so that a true beat by beat comparison could be made. Mistiming of the exact beat may lead to a significant error. We considered that the risk of mistiming estimating the exact beats was substantial and preferred the 30 second mean intra-arterial pressure.
The mean and standard deviation for each measurement were calculated as well as the mean difference (discrepancy) and the standard deviation and frequency distribution of between method differences, which were plotted in addition to a scatter plot.'9 Paired t tests were used to assess the mean differences between pairs of readings. Fig. 2 (the lines are the lines of identity). The overall trend was the same for each stage; indirect systolic pressures grossly underestimated intra-arterial pressure, but the diastolic pressures were similar with both techniques. For both systolic and diastolic pressures there was considerable individual variability.
COMPARISON OF CLINIC INTRA-ARTERIAL BLOOD PRESSURE DIFFERENCES AT REST AND DURING EXERCISE
The replicated readings of resting blood pressure differences between indirect and direct recordings were subjected to an analysis of variance. The mean differences and standard deviations were calculated for the 12 patients who had resting indirect and direct blood pressures ( Table 2) . Analysis of the intersubject variability at rest compared with exercise (Table 2) showed that the trend was towards wider differences and greater variability of the indirect method in relation to intra-arterial blood pressures during exercise compared with at rest.
Discussion
Despite the well known fluctuation of the blood pressure with exercise, measurement of rapidly changing blood pressure using the standard indirect technique has been subjected to only limited critical validation.
Under conditions of quiet supine rest the indirect cuff method compared with intra-arterial pressure has shown a wide range of differences,36 and this discrepancy might be expected to get worse when measurements are attempted during strenuous exercise. Apart from the obvious physical difficulties of recording Gould indirect measurements during exercise, it is known that physiological changes in the cardiovascular system take place which may well affect the physical characteristics of the brachial artery and hence the intrinsic accuracy of the indirect technique. The present study has confirmed the very rapid fall in blood pressure on cessation of exercise and has shown that during exercise the indirect systolic pressures consistently and significantly underestimate the intra-arterial pressures. The mean difference, ranging from 15 to 18 mm Hg, was slightly greater than previously reported in a similar comparison at rest when the mean difference was found to be 12 mm Hg. '9 The mean discrepancy for diastolic pressures was Table 2 Analysis of blood pressure data recorded by indirect and direct metods at rest, at 25,5*5, and 8-5 mimnes of exercise, and after exerci (n= 12) (n= 12) (n= 12) (n=6) (n= 12) *From analysis of variance using two or three observations per subject. tPaired t test comparing differences in blood pressure using indirect and direct methods. Indirect measurement of blood pressure during exercise testing can be misleading not as large as that for systolic pressures, individual differences ranging from -14 to +4 mm Hg. The indirect diastolic pressures were approximately the same on average as direct pressures at 2*5, 5 5, and 8.5 minutes of exercise, although there was considerable variation for individual subjects.
The large discrepancies (mean -18/-14 mm Hg) which were found in the postexercise period can be explained by the method of data collection. A single indirect pressure was recorded and compared with a 30 second mean intra-arterial pressure recorded while the indirect pressure was measured. Since intraarterial pressures at the end of exercise fall rapidly this mean was taken on a downward pressure slope. Workers using the postexercise pressure with the indirect technique have the same problem, and it would seem to be impossible to measure the blood pressure using a sphygmomanometer at the same point of the slope for the same individual on different occasions or in different individuals at the same point of the falling pressure slope. Comparison of the indirect and intra-arterial blood pressure mean difference at rest and during exercise shows a trend to higher systolic mean differences during exercise, and the individual differences were more variable.
These data suggest that it is necessary to perform intra-arterial recordings during all exercise tests. For clinical purposes this is obviously impracticable, but we would advise caution in relying on such measurements. We recommend using intra-arterial recordings, for research purposes, where blood pressure measurements are important.
